The primary objective of this MURI is (1) to explore how beliefs support and lead to certain actions in one culture but not another, and (2) to develop computational models that further our understanding of the relation between beliefs, decisions, and actions. A key requirement for such models is to distinguish the different roles played by sacred values versus instrumental or secular values, which differ widely across cultures. The goal of these models is to provide formal explanations for how the beliefs of individuals affect group and individual actions, and how groups evolve. Such models are an important step toward understanding and predicting the dynamics and actions of groups. They are fundamental to an understanding of how actions of a group may be altered by belief revision, by either internal or external pressures (including force). They also will be needed for strategic reasoning in negotiations, where beliefs in different cultures may lead to what appears to be irrational proposals, yet are seen as rational in that competitive culture. This MURI initiative supports DoD's need to understand how terrorist cells are created and how they evolve, thus providing models for the underlying seeds, which can be more easily identified early in the development process. In turn, the models may suggest strategies that will help revise or manipulate belief structures to reduce the likelihood of militant cells forming within a culture. The research is also very relevant to negotiations between states having different cultures.
To-Date (14 Dec 2009) Base and Option Period funds of $5,310,323* have been expended and are "off the government's book." This figure takes into account invoices from the subawardees and consultants through the period 31 Oct 09, leaving an unexpended balance of about $904,000. The current commitments to the set of present PI's for the period 1 Nov 09 through 14 May 10 are estimated to be $835,000. This will leave an unexpended balance of $69,000 at the end date of 5/14/10. We have requested a no-cost extension of the MURI to 31 Jul 10, using this balance for summer support of PI's and students. *Based on our current projections, and based on the fact that we are still waiting on invoices from subawards.
SCIENTIFIC APPROACH:
As mentioned, a major goal of the MURI is to develop computational models that further our understanding of the relation between beliefs, decisions and actions in different cultures. Our aim is to provide predictive, rather than just descriptive models. For example, rather than simply describing the structure of a militant or non-violent network (Atran et al), we have made strides in understanding the processes that underlie their formation and evolution (Richards et al.) Understanding the origin and nature of shared and revised beliefs among group members is critical (Page, Bednar, Doyle) Unfortunately, data are scarce, and hence an important component of our effort is the reliable documentation of the formation of groups such as those engaged in the acts at Madrid, London, Bali, etc. The research led by Scott Atran under our MURI currently provides the most detailed and reliable set of data available, and this work continues with more details and studies of a dozen or so such networks. Additional data continue to be collected in non-violent settings (Medin et al.) , such as the Wisconsin Menomenee, the Guatemalan Ladinos, and Amish and Muslim communities. These studies of non-violent communities allow closer examination of moral issues and sacred vs. secular values -the latter being critical in both belief revision and negotiations across cultures (see below). Because the origins of many beliefs rest in the traditions of a culture, we are formalizing how beliefs, actions and values are expressed in stories within a culture (Finlayson, Forbus) . The framework for representing stories will support rapid, automatic analysis of the semantic interpretation of text, such as excerpts from news sources. Implications for future trends can be explored through analogies with traditional stories from the relevant culture. Finally, individuals or groups striving for social change need to have strategies for actions. We are developing and testing new frameworks for understanding strategic reasoning, subject to beliefs, which dictate in part which moves are considered rational (Pfeffer, Gal) . These complement the more traditional "game-theoretic" approaches, and appear more plausible in many real world, multi-agent scenarios.
IMPORTANT TRNSITION EVENTS
• As in previous years, Atran et al continue to be sought after for briefings to various Government agencies. In additional users. Its Java wordnet interface subroutine JWI now has increased form 1000 to over 3000 downloads.
• Users of Gal's multi-agent Colored Trails platform for studying strategic reasoning has now expanded from six to over a dozen universities (including MURI recipients Univ. Ginges et al (2007) , where moral absolutists were again more accepting of a symbolic tradeoff than a taboo tradeoff. Also shown is a link between group identity and sacred values. A surprising finding was that regarding the issue of sacred sites, the Hindus were vehemently opposed to tradeoffs involving monetary incentives relative to symbolic tradeoffs, but Muslims seemed to prefer them .) • Field studies in Wisconsin that were conducted among Amish, Native Americans and Caucasians revealed that many participants felt that certain moral decisions should NOT be based on assessing costs and benefits, but rather in doing the RIGHT thing (or doing God's will.) Yet many also expressed concern about long term consequences. This suggests that sacred values may NOT motivate a lack of concern with utility, and raises the possibility that some of these participants perceive or seek utility in ways that differ from researcher's preconceptions.
• Work on mental models continues in Guatemala. Because there is fast socioeconomic and ecological change, these studies are revealing dynamic aspects of beliefs and knowledge about the environment (LeGuen et al, 2010.) Specifically, the new generation of Itza' and Ladinos show dramatic differences compared to their parents. The changes demonstrate a complex interaction between demographic, economic and environmental factors on the one hand, and cultural values and beliefs on the other. • Kasturirangan (with Raghavan) has developed a theoretical framework that links tacit beliefs (see Gal refs.) and entrenched narratives. The idea is that many tacit beliefs -those acquired effortlessly without explicit teachingbecome entrenched by repetition. Examples would be religious rituals, food norms, and some (culturallydependent) social protocols. To illustrate the framework, the authors show how strategies used in the 1965 war between India and Pakistan was influenced by entrenched beliefs about the martial capacity of Hindus led to and entrenched narrative about the superiority of Pakistani forces in a potential conflict. This misconception was influential in Pakistani decisions regarding the conflict.
• Doyle continues the development of a theoretical model for belief change -one that allows the assessment of the character and difficulty of belief change. The model formalizes the ways in which choices to believe or reject new information can depend on preferences based on the types of sources of belief (religious, familial, social, default, etc.) • Page & Bednar continue to develop the concept of institutional path dependence and the relation between beliefs, framings, values and behaviors. For example, when we see an individual or a group respond in some way to an institutional intervention, how do we dissect the extent to which those responses are due to beliefs, or to cognitive frames, to values, or to behavioral repertoires? • Gal, Pfeffer, Kasturirangan & Richards have developed a model of belief and action propagation in graphs, describing how people make decisions based on knowledge that is inferred by observing the actions of others (See Gal et al.) This kind of knowledge is called "tacit." • The Colored Trails platform has been upgraded by Gal to allow developers and collaborators to access a project's source code and documentation for a single location, allowing interested parties to easily monitor changes. This platform is now being used to study bargaining behavior in social networks (MIT-Media Lab & Harvard), to explore the generosity, reliability and trust in negotiation in culturally mixed networks (Harvard & Bar Ilan Universities), to study social dilemmas in settings where participants need to form teams in order to complete tasks with other people as well as computer agents (Utrcht University).
• Pfeffer has developed the first computer system that presents advice to human decision makers when they are reasoning in sequential games (See Antros et al.) The advice is based on a theory of reasoning in games. Players using this system played better than those without it.
• Pfeffer has also continued work on the representation, reasoning, and learning of games in networks. Unlike most research, the emphasis is on multiplayer games, especially those who interact in some sort of social network. Two representations for such games are action graph games and graphical games (See Jiang et al.) • Shamma has been exploring the utility of feedback control in shaping asymptotic collective behavior in complex adaptive systems. Part of this effort focuses on the distributed reinforcement of efficient outcomes in multi-agent coordination problems. These studies are motivated by research on social network formation, and the notion of efficient networks, where agents have discretion over which links to form. • Shamma's group is also investigating the utility of robust control over preferences in social networks.
• The model for small group evolution developed by Richards & Wormald has now been extended to reveal the "fine structure" of a network, namely the "motifs" that are the elemental subgraphs. With MacIndoe, over two dozen large networks have been explored. • Baker (Tenenbaum's group) continues to explore the relation between beliefs and actions using a Bayesian Framework. Here the emphasis is on modeling an individual's ability to understand another's plans for actions.
• Forbus' Qualitative Concept Map system (QCM) has been used to build models of transcript data, providing a format useful for analogical reasoning by machine. The Explanation Agent NLU system also continues to be developed -a critical tool to reasoning about moral decisions that involve alternate possible worlds and counterfactuals, as well as logical and numerical quantification. 
